Alzheimer's disease (AD) is the most common age-related neurodegenerative disease with many cognitive and neuropsychiatric manifestations that result in progressive disability and eventual incapacitation. AD is characterized by the presence of excessive amounts of neuritic plaques containing amyloid b protein and loss of cholinergic markers in brain. Loss of cholinergic cells, particularly in the basal forebrain, is accompanied by loss of the neurotransmitter acetylcholine.
In our screening program to search for AChE inhibitors from plants, a crude 70% ethanol extract of tuber of Corydalis turtschaninovii Besser forma yanhusuo (Corydalis Tuber, Papaveraceae family) exhibited significant AChE inhibitory activity (Ͼ70% at 50 mg/ml). Corydalis Tuber has been used in traditional medicine in the treatment of gastric, duodenal ulcer, cardiac arrhythmia disease, rheumatism, dysmenorrheal, 5, 6) and memory dysfunction in folk medicine. [7] [8] [9] The tuber contains several pharmacologically important alkaloids such as corydaline, berberine, protopine, palmatine, corynoline. [10] [11] [12] [13] However, few studies have been specifically investigated the ability of active components on memory dysfunction. We report herein the investigations regarding the active principal in AChE inhibitory activity and anti-amnesic effect of pseudocoptisine isolated from this tuber.
MATERIALS AND METHODS

Plant Material The tuber of Corydalis turtschaninovii
Besser forma yanhusuo (Papaveraceae) was purchased at Yuseong oriental herbarium market in Daejeon, Korea on September 2006. The plant was botanically identified by Professor KiHwan Bae, College of Pharmacy, Chungnam National University, where the voucher specimens was deposited (CNU-00124).
Extraction and Isolation The tuber of Corydalis turtschaninovii Besser forma yanhusuo (5 kg) were dried and extracted with 70% EtOH. The solution was evaporated and residue (240 g) was diluted with 3% aqueous HCl to give acidic solution and insoluble part. The acidic H 2 O layer was then basified with aqueous NH 4 OH (pH 9) to produce frees bases, and then extracted with CH 2 Cl 2 , resulting in organic phase (48 g, Part A) and aqueous phase (Part B). Part B, which contented quaternary alkaloids, was subjected to Dianion column chromatography using step gradient elution with H 2 O : MeOH (H 2 O→30% MeOH, 40→70% MeOH, and 80→100% MeOH) to give three fractions (B1-B3). Fraction B2 was applied to MCI gel column and eluted with H 2 O : MeOH (1 : 1) to give B2.1-B2.5. B2.1 was re-subjected to MCI gel CHP20 column chromatography using 2% AcOH : MeOH and further applied to MPLC system: ODS-S-50 column (11ϫ300 mm), UV 245 nm, flow rate 2 ml/min, using H 2 O : MeOH : NH 4 Homogenates were centrifuged at 1000ϫg for 10 min at 4°C; supernatants selected as acetylcholinesterase sources were divided into aliquots and stored at Ϫ20°C. Acetylcholinesterase activity was measured by the principle of the Ellman method with some modification. 14) Pseudocoptisine was initially dissolved in 0.02% dimethyl sulfoxide (DMSO) and diluted to various concentrations in sodium phosphate buffer (100 mM, pH 8.0) immediately before use. An aliquot of diluted compound was then mixed with buffer, acetylthiocholine iodide solution (75 mM) and buffered Ellman's reagent (10 mM 5,5Ј-dithio-bis[2-nitrobenzoic acid] and 15 mM sodium bicarbonate), reacted at room temperature for 30 min. Absorbance was measured at 410 nm immediately after adding the enzyme source to the reaction mixtures using a spectrophotometer (Shimadzu UV-1240, Tokyo, Japan). Readings were taken at 30 s intervals for 5 min. The concentration of compound required inhibiting acetylcholinesterase activity by 50% (IC 50 ). Tacrine was used as a positive control.
Passive Avoidance Task Passive avoidance task was carried out in identical illuminated and nonilluminated boxes. The illuminated compartment (20ϫ20ϫ20 cm) contained an 100 W bulb, and the floor of nonilluminated compartment (20ϫ20ϫ20 cm) was composed of 2 mm stainless steel rods spaced 1 cm apart. These compartments were separated by a guillotine door (5ϫ5 cm). For acquisition trial, mice were initially placed in the illuminated compartment and the door between the two compartments was opened 10 s later. When mice entered the dark compartment, the door automatically closed and an electrical foot shock (0.5 mA) of 3 s durations was delivered through the stainless steel rods. One hour before the acquisition trial, mice were administered pseudocoptisine (1.0, 2.0, 5.0, 10.0 mg/kg, p.o.) or tacrine (10.0 mg/kg, p.o.). After a delay of 60 min, amnesia was induced in mice with scopolamine (1.0 mg/kg, i.p.) given subcutaneously. Control animals were administered 10% Tween 80 solution only. Twenty-four hours after acquisition trial, the mice were again placed in the illuminated compartment for the retention trials. The time taken for a mouse to enter the dark compartment after door opening was measured as latency times in both acquisition and retention trials. If the mice stayed in the light compartment for 180 s, it was concluded that the mice had memorized the passive avoidance training after training trial.
15)
Morris Water Maze Task A spatial test was performed by the method of Morris with minor modification. The water maze is a circular pool (90 cm in diameter and 45 cm in height) with a featureless inner surface. The pool was filled to a depth of 30 cm with water containing 500 ml of milk (20Ϯ1°C). The pool was divided into four quadrants of equal area. A white platform (6 cm in diameter and 29 cm high) was then placed in one of the pool quadrants. The first experimental day was dedicated to swimming training for 60 s without the submerged platform. During the five subsequent days, the mice were given two daily trials with an intertrial interval of 30 min in the presence of the platform in place. When a mouse located the platform, it was permitted to remain on it for 10 s. If the mouse did not locate the platform within 120 s, it was placed on the platform for 10 s. The animal was taken to its home cage and was allowed to dry up under an infrared lamp after each trial. 16) During each trial session, the time taken to find the hidden platform (latency) was recorded. One day after the last training trial sessions, mice were subjected to a probe trial session in which the platform was removed from the pool, allowing the mice to swim for 120 s to search for it. A record was kept of the swimming time in the pool quadrant where the platform had previously been placed. Pseudocoptisine (2.0 mg/kg, p.o.) or tacrine (10.0 mg/kg, p.o.) was given 1 h before the first trial session at every consecutive day. Memory impairment was induced in mice with scopolamine (1.0 mg/kg, i.p.) at 60 min after treatment of test samples. Control group received 10% Tween 80 solution only.
Ex-Vivo Study of Brain Acetylcholinesterase The most effective doses as determined by the passive avoidance task were chosen. Mice were orally administered vehicle and pseudocoptisine (2.0 mg/kg, p.o.). Animals were decapitated 30 min, 1 h, 3 h, 6 h, or 12 h after each administration, and brains were removed to assay AChE activity which was assessed as described above for the in vitro method.
Statistical Analysis
The results are expressed as mean valuesϮS.D. Statistical analysis was performed using oneway ANOVA. pϽ0.05 was considered statistically significant.
RESULTS AND DISCUSSION
Although there have been a number of reports on the designing and development of synthetic AChE inhibitors, [17] [18] [19] that were necessary for those other studies, which have been reported the AChE inhibitors derived from medicinal plants. [20] [21] [22] Repeated column chromatography led to the isolation of a powder compound, which was identified as pseudocoptisine ( Fig. 1) by analyses of MS, NMR data, and comparison with those in the literatures. 23) Pseudocoptisine was found to inhibit AChE activity in a dose dependent manner with an IC 50 value of 12.8 mM with the independent of in-cubation time. It suggests that pseudocoptisine inhibited AChE reversibly. Tacrine, which was used as positive control, exhibited AChE activity with IC 50 value of 175.2 nM. The kinetic analysis of the inhibition of the AChE activity of pseudocoptisine was performed. A reaction mixture, consisting of different concentrations of acetylthiocholine iodide either in the absence or presence of pseudocoptisine. The Michaelis-Menten constant (K m ) and maximum velocity (V max ) of AChE were determined by Lineweaver-Burk plots, using the GraphyPad Software Inc., U.S.A. The K m value was significantly decreased by the addition of pseudocoptisine but the V max was not changed (data not show). These results indicate that pseudocoptisine inhibited AChE activity in a competitive manner.
Since such AChE inhibitors have been used to reduce the cholinergic deficit in AD, and based on the inhibition effect of pseudocoptisine on AChE, we assessed whether pseudocoptisine improves memory function by passive avoidance learning, which is largely dependent on long-term memory. When placed into the bright side of a step-through box, mice quickly entered the dark compartment. Mice were conditioned using a mild foot shock after entering the dark compartment and hesitated to re-enter the dark compartment when tested 24 h later. By using this shuttle box system, saline-treated control mice stay in the light compartment for 180Ϯ5 s after the passive avoidance training. Meanwhile, the mice given scopolamine (1.0 mg/kg body weight) stayed in the light compartment for only 22Ϯ3 s before moving into the dark compartment. Thus, the step-through latency of the scopolamine-treated mice was significantly shorter than that of vehicle-treated control mice (Fig. 2, pϽ0.05) . In tacrine plus scopolamine-treated mice, step-through latency was significantly greater than for scopolamine-treated mice (152Ϯ5 s vs. 22Ϯ3 s). Moreover, the reduction in stepthrough latency induced by scopolamine was significantly reversed by pseudocoptisine (2.0, 5.0 mg/kg, p.o.; pϽ0.05). However, at doses of 1.0 and 10.0 mg/kg, this compound did not exhibit a much of significant effect. Latency time during the acquisition trial was not affected by any drug treatment (Fig. 2) .
In further study, the effect of pseudocoptisine (2.0 mg/kg, p.o.) on spatial learning (long-term or short-term memory) was evaluated using the Morris water maze test.
24) The saline-treated control group rapidly learned the location of the platform (Fig. 3A) . The scopolamine-treated animals exhibited longer escape latencies (the time taken to find the platform) throughout training days than the vehicle-treated controls (pϽ0.001). Pseudocoptisine (2.0 mg/kg) significantly attenuated the effects of scopolamine on escape latency (pϽ0.05), as did tacrine (pϽ0.05). On the day of probe testing, a significant group effect was observed on swimming times in the probe test (Fig. 3B) . Swimming times within the platform quadrant for the scopolamine-treated group were significantly lower than those of vehicle-treated control group animals (Fig. 3B, pϽ0.05) . Moreover, the shorter swimming times within the platform quadrant induced by scopolamine were significantly reversed by pseudocoptisine or tacrine (pϽ0.05). In addition, the ex-vivo testing showed a significant group effects on AChE activity of pseudocoptisine (2.0 mg/kg) from 42.2 to 90.8% due to the sacrificed time of mice (0.5-12 h) (Fig. 4) .
As mentioned early, AChE inhibitors increased the availability of acetylcholine in central cholinergic synapses and are the most promising currently available drugs for the treatment of AD. 25, 26) Scopolamine, which is a muscarinic receptor antagonist and can pass through blood brain barrier causes amnesia in animals by blocking cholinergic neurotransmission. Cholinergic interneurons in the striatum are an even richer source of acetylcholinesterase and would also be affected strongly by such enzyme inhibitors. In this study, we examined the effects of pseudocoptisine on scopolamine-induced memory using passive avoidance and water maze task in mice. The passive avoidance is generally accepted as an indicator of long-term memory in animals, 26) and the water maze-learning task was used to assess hippocampal-dependent spatial learning ability. 24, 27, 28) Pseudocoptisine treatment (2.0, 5.0 mg/kg) reversed the deficits produced by scopolamine treatment in the comparison with vehicle-treated group on passive avoidance task. At the concentration of 2.0 mg/kg, pseudocoptisine significantly shortened the escape latency, improved the swimming time within the zone of platform on water maze task. Also in the present study, pseudocoptisine could inhibit AchE activity in a dose dependent manner (IC 50 ϭ12.8 mM). These suggest that ability to alleviate scopolamine-induced memory impairment or the anti-amnesic activity of this alkaloid is, in part, mediated by the AchE inhibition.
It would be interesting to indicate that quaternary nitrogen is necessary for strong activity in alkaloids possessing the benzylisoquinoline skeleton. 9) In some species of Papaveraceae family, AChE inhibitory activity has been detected and has been traced to the benzylisoquinoline alkaloids present like berberine, 29) corynoline, protopine, palmatine. 8, 12) The in vitro activity of berberine and protopine showed to be translated into effects since it improved scopolamine-induced amnesia in rats. 12, 30) Thus, pseudocoptisine and some other constituents on Corydalis Tuber are able to play important role on the treatment of memory dysfunction of this plant.
In conclusion, based on the results of experiments, we found that pseudocoptisine had remarkable cognitive-enhancing activity. However, the more studies should be preserved if this compound may be offered as a useful therapeutic choice in the prevention of AD. 
